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1,2 Grand efforts have been directed towards the synthesis of stable selenium-containing compounds on demand in pharmaceutical and chemical industry.
3 Despite the advantages and increasing applicability of organoselenium compounds, current synthetic methods have been limited in use by lengthy synthetic steps, harsh reaction conditions, unstable intermediates and a limited diversity of functional groups of starting materials. An efficient synthetic route for selenides is thus needed, accessing to more functionalized organoselenium compounds.
During the course of our synthetic studies for bioactive compounds, we developed a facile one-pot synthetic method for the formation of functionalized alkyl aryl selenides from aryl bromides through extention of our previous work. 4 Although the preparation of diorganoselenides from metal alkyl or aryl selenolates is a classical technique, 5 there has been no report of the synthesis of various alkyl aryl selenides via lithium aryl selenolates that are prepared from aryl bromides and BuLi in the presence of selenium. In this work, we report that easily prepared lithium selenolates couple directly with a variety of alkyl halides to give aryl alkyl selenides containing various functional groups, especially such as hydroxy, amino, and carboxylic acid.
The preparation of alkyl aryl selenides 7 was summarized from various substituted aryl bromides 6 in Table 1 . Alkyl aryl selenides 7 were produced in sequence by direct lithiation of aryl bromides 6 with n-BuLi at -78 o C for 15 min, followed by addition of selenium powder, and then quenching the resulted selenolates with alkyl bromides. Addition of selenium power at -20 o C was very critical in the success of the reaction. At 0 o C and room temperature, lithiated selenolates found to be decomposed.
In the reactivity of ortho-, meta-, and para-substituted aryl bromides, yields of the target selenides increased according to the order of para > ortho > meta under the same conditions, suggesting that the para-substituted isomer form the most stable lithium selenolate (Table 1 , entries 1-3). In the reaction of 1, 4-dibromobenzene as an aryl bromide (Table 1 , entry 4), only monoalkyl-substituted aryl selenide was obtained in a These authors contributed equally to this work.
84% yield in spite of 2 equivalents of reaction reagents being used. The presence of an electron-donating or -withdrawing group on aryl bromides (Table 1 , entries 3-6) did not affect yields of products (84-91%). Bromoacetate and epoxide as electrophiles gave the respective product in 85% and 75% yields (Table 1 , entries 7 and 8).
We have also developed a simple and good yielding one-pot synthesis of alkyl aryl selenides 9 containing a functional group such as -OH, -NH 2 , and -COOH ( Table 2 ). The procedure is the following: 1) in situ protection of the functional group by reacting with isopropylmagnesium chloride, 2) halogen-lithium exchange, 3) selenium powder insertion, and 4) a substitution reaction with an electrophile 8.
We successfully performed the coupling of hydroxylated aryl bromides (4-bromophenol, 4-bromophenyl methanol, and 4-bromophenyl ethanol) with benzyl bromides, bromoacetate and epoxide. The reactions afforded desired products in good yields (Table 2 , entries 1-5). 4-Iodoaniline (Table 2 , entries 6 and 7) that needed 2 equivalents of Grignard reagent for the in situ protection of amine group gave the desired selenides in 76% and 83% yields, respectively. Also, bromobenzoic acid (Table 2, entry 8) readily reacted with benzyl bromide and then gave the corresponding product in 82% yield.
In summary, we have successfully developed a facile one-pot synthetic method to form functionalized alkyl aryl selenides from various aryl halides. This method is very quick (less than 1 hour) and catalyst-free, and could be used for the preparation of bioactive pharmaceuticals and their intermediates containing alkyl aryl selenide moieties.
Experimental Section
General Procedure for the Formation of Alkyl Aryl Selenides 7 from Aryl Bromides 6 (Table 1) . To a solution of aryl bromide 6 (0.5 mmol) in anhydrous THF (5 mL) was added slowly a solution of n-BuLi (1.6 M in hexane, 0.5 mmol) at -78 o C, and the solution was stirred for 15 min under N 2 atmosphere. When the reaction temperature reached -20 o C, selenium powder (0.5 mmol) was added all at once. The selenium was completely dissolved, and then electrophile (0.5 mmol) was added to the reaction mixture at -10 o C. The reaction mixture was stirred for an additional 20 min at 0 o C and then quenched with aqueous NH 4 Cl (5 mL). The aqueous layer was extracted with EtOAc (2×5 mL) and the combined organics were washed with brine, dried over MgSO4, filtered, and concentrated. The desired product 7 was isolated by flash column chromatography on silica gel.
Benzyl 2 General Procedure for the Formation of Alkyl Aryl Selenides 9 from Aryl Halides 8 (Table 2) . To a solution of aryl halides 8 (0.5 mmol) in anhydrous THF (5 mL) was added a solution of 
Notes
The reaction mixture was cooled to -78 o C and then a solution of t-BuLi (1.7 M solution in pentane, 2.0 mmol) was slowly added for 15 min. After 30 min, selenium powder (0.5 mmol) was added at -20 o C. The selenium was completely dissolved, and then electrophile (0.5 mmol) was added at -10 o C. The reaction mixture was stirred for an additional 20 min at 0 o C and then quenched with aqueous NH4Cl (10 mL). The aqueous layer was extracted with EtOAc (3×10 mL) and the combined organics were washed with brine, dried over MgSO4, filtered, and concentrated. The desired product 9 was isolated by flash column chromatography on silica gel.
4-(Benzylselanyl)phenol (entry 1): (117 mg, 86%);
